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Fluorescence spectroscopy was used to probe the
active site of monoamine oxidase (MAO). The fluorescence
probe, N-(1-pyrene) maleimide (NPM), was employed to
probe the essential sulfhydryl groups of the enzyme. NPM
is not fluorescent in aqueous solution, but forms a
fluorescent adduct with the enzyme. Structural
modifications of MAO's active site were monitored by
changing pH, ionic strength, and the addition of urea.
The quenching observed by the addition of substrates and
specific inhibitors suggested that the essential
sulfhydryl groups are a part of the active site.
The fluorescence probe, l-anilino-napthalene-8-
sulfonate (ANS), was also used to probe the active site
of the enzyme. The fluorescence emission of ANS was
markedly increased in the presence of MAO. The substrate
2
produced a specific and reversible decrease in the
fluorescence yield, and the association constant of ANS
binding was determined. The structure of the active site
was investigated by using dual fluorescence probe
methodology in which fluorescence labels, NPM and ANS,
were used.
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Monoamine oxidase (MAO), which is primarily located
in the outer mitochondrial membranes (1), is a
ubiquitous enzyme responsible for the intra- as well as
extra-neuronal oxidative deamination of such monamines
as adrenaline, noradrenaline, dopamine, and 5-
hydroxytryptamine (serotonin) (2) . These amines are
regarded as neurotransmitters, and changes in their
metabolism have been linked to certain psychiatric and
neurological disorders (3) . The potential importance of
this enzyme in neuropharmacology has prompted us to
learn more about the structure-function relationships of
the biological molecule.
MAO is primarily located in the outer mitochondrial
membranes, and deaminates biogenic amines throughout the
body. Many investigators believe that there are at
least two types of monoamine oxidases, A and B,
differing in substrate specificity and sensitivity to
inhibitors (4). Type A monoamine oxidase is highly
active on serotonin and norepinephrine, and is extremely
inhibited by clorgyline (4), while Type B enzyme
deaminates phenylethylamine and benzylamine rapidly, and
is sensitive to deprenyl (4) . Tyramine and tryptamine
are substrates for both MAO-A and MAO-B enzymes (5). It
was suggested by some authors (6,7) that the outer
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mitochondrial membrane is responsible for the formation
of the different forms. This proposal stimulated
subsequent studies by Neff and Yang (8) who suggested
that the enzyme region with which the aromatic moiety of
substrate and inhibitors react is influenced by
different phospholipids; and thus, exhibits different
forms of the enzyme.
Physiochemical studies have indicated that the
enzyme has a molecular weight of 104,000 grams per
protomer, and is made up of two identical subunits, each
having a molecular weight of 52,000g (9). There are no
disulfide linkages between the subunits, and thus far,
the subunits cannot be separated by DEAE cellulose
chromatography, which shows that the charges on the
subunits are very similar (9).
In 1966, Nara and Yasunobu suggested that MAO was a
flavin enzyme which contained covalently bound flavin
(10). This hypothesis was extended further by laague et
al (11) in 1967, who obtained much better evidence on
pure MAO and found that it contained one mole of
covalently-bound FAD per 100,000 grams of enzyme.
However, it was Walker et ai (12) who demonstrated that
the FAD was covalently bonded as 8-a-cysteinyl-FAD and a
pure flavin pentapeptide was isolated and characterized
(13) .
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Amino acid analysis indicated that the enzyme has
14 moles of histidine and 8 moles of half cysteine per
52,000 grams of the enzyme (14). Erwin and Hellerman
(15) showed that the 8 cysteine residues per MAO
protomer were essential for activity, but Gomes ^ al
(16) postulated that the cysteine residues were not
active site residues, but were required for
conformational integrity of the enzyme. However, Oi ^
al (17) , from the effect of pH and temperature on the
kinetic parameters, concluded that several cysteine
residues were required for the cleavage of the C-N bond
in the substrate. Later, Gomes ^ ^ (18), from the
reaction of the enzyme with mercurials and DTNB,
concluded that there are possibly two essential active
site residues and six non-essential cysteine residues
per enzyme protomer.
Zeidan et ^ (19) further probed the essential
cysteine domain using alkylating agents (N-
ethylmaleimide and iodoacetate) in a spin labeled form.
This study of the environment of the cysteine residues
using ESR spin labeling techniques suggested that the
essential cysteine residues were indeed a part of the
active site and are probably located in a shallow
hydrophobic pocket. This study was a first step toward
a 3-dimensional model of bovine liver MAO.
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The complete structure of MAO has remained an
enigma for years, due to its close association with
membrane components which are required for activity
(20) ; however, as Zeidan ^ al demonstrated, it is
possible to analyze structural and catalytic properties
of MAO by virtue of examining its essential residues and
the environment in which they are located. Such is
demonstrated in the present investigation with the aid
of the technique, fluorescence spectroscopy.
Fluorescence spectroscopy is one of the most
versatile and sensitive methods for physical studies of
protein systems. It has been used to follow protein
denaturation, conformational transitions, and changes in
subunit association, to characterize binding processess,
and to measure the polarity of binding sites and the
orientation and distribution of ligands. Fluorescence
is detectable at relatively low concentrations of
fluorophore and the fluorescence spectrum is sensitive
to a variety of molecular environmental influences. The
probability of fluorescence is described by the quantum
yield, Q; that is, the ratio of the number of emmitted
by absorbed photons. Several factors determine Q; some
of these are properties of the molecule itself (internal
factors) and some are environmental. The environmental
effects are very important and prove useful in studying
the structure of a protein.
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Measureable parameters of fluorescence are the
excitation and emission spectra, and the intensity,
lifetime, and polarization of the fluorescence.
Fluorescence intensity and Amax (the position of the
maximum of the emission) are very sensitive to
environment.
Two types of fluors are used in fluorescence
analysis—intrinsic or natural fluors (contained in the
molecule themselves) and extrinsic fluors (added to the
system, usually binding to one of the components). For
proteins, there are only three intrinsic fluors—
tryptophan, tyrosine, and phenylalanine. The
fluorescence of each of them can be distinguished by
exciting with and observing at the appropiate
wavelength. In practice, tryptophan is most commonly
studied, because tyrosine and phenylalanine fluorescence
are frequently weak due to quenching. The fluorescence
of tyrosine is almost totally quenched if it is near a
tryptophan.
The principal reason for studying the intrinsic
fluorescence of a protein is to obtain information about
confomnation. This is possible because the fluorescence
of both tryptophan and tyrosine depends significantly on
their environment (i.e., solvent, pH, and presence of a
quencher, a small molecule, or a neighboring group in
the protein).
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Nature does not always supply a fluorescent group
in the appropiate place in a protein, therefore the
method of extrinsic fluorescence is used. This method
involves the use of fluors that are foreign to the
system and must be specifically added. These extrinsic
probes may be bound covalently or non-covalently to the
protein under investigation and can be chosen to be
particularly sensitive to environmental factors.
Using fluorescent probes, the following information
can be obtained: 1) The microenvironment of active
sites can be revealed by site-directed fluorescent
labeling of macromolecules with probes that are polarity
sensitive, 2) The energy transfer from one probe to
another can reveal the distance between specific sites,
3) Changes in fluorescent intensity or spectral shifts
upon binding of the ligand may be intepreted as the
ligand-induced conformational change (21).
In the present study, the intrinsic chromophores,
tryptophan and FAD are used in probing the active site
environment of MAO. FAD has its own fluorescence (as
does tryptophan) and has been used extensively to study
the environmental changes inherent in proteins.
Extrinsic fluors, l-anilino-8-napthalene sulfonate
(ANS) and N-(l-pyrene) maleimide (NPM), are also used in
this investigation. ANS is a probe that has been widely
used to study hydrophobic clefts in proteins and to
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estimate the hydrophobicity of membrane binding sites
(22) . It shows a marked blue-shift as the polarity of
its environment decreases and a large increase in
quantum yield when it is bound to proteins. This
increase in fluorescence results due to binding of ANS
to hydrophobic residues. ANS in the aqueous phase can
normally be neglected, thus greatly simplyfying
measurements in mixed phase systems.
The probe, NPM, was first synthesized by Haughland (23)
and subsequently by Weltman et ^ (24) . It does not
fluoresce in aqueous solution, but forms fluorescent
adducts with organic compounds or proteins which
contains sulfhydryl groups. Because of the long
lifetime of its adducts, NPM is useful for fluorescent
polarization studies, and can be used as a fluorescent
cross-linking reagent to study proximity relationships
between specific groups in macromolecules. NPM can be
used to probe both -SH proximity and local conformation
in any protein if the presence of two or more proximal
SH-groups is suspected.
As mentioned earlier, MAO has essential residues
that are possibly located in a hydrophobic pocket.
These residues are believed to be directly involved in
the catalytic step, and thus justifies the use of NPM
and ANS as fluorescent probes in characterizing MAO's
active site. This study attempts to: 1) describe
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cysteine environments and cysteine involvement in
protein-ligand interactions in temns of the spectral
properties of the attached chromophores, and to 2)
assess evidence of interactions between chromophores as
a first step in measuring distance between the relevant
sites on the protein. In particular, the effects of pH,
urea, NaCl, and different substrates/inhibitors, on the
fluorescence of the MAO-NPM complex are also
investigated as an attempt to explore further the role
of the residues in the structure and function of this
protein. The fluorescence of the MAO-ANS complex is also
investigated in terms of binding parameters in an effort




Livers from fresh adult cows were obtained from
Walker Meats in Carrolton, Georgia. NPM, ANS,
benzylamine, DEAE, hydroxylapatite, and other chemicals
were obtained from Sigma Chemical Company. All other
chemicals were reagent grade.
2. METHODS
2.1. Isolation of mitochondria
Mitochondria were isolated and purified by the method of
Minamiura and Yasunobu (9). Beef livers were cut into 3
to 4cm cubes.
Step 1. Homogenization
Weighed liver cubes were homogenized in 9 volumes of
cold 0.25M sucrose with a Waring blender for 2 minutes
at 4°C.
Step 2. Centrifugation
The homogenate was centrifuged at 700xg for 15 minutes.
The supernatant was carefully decanted, filtered through
cheesecloth, and recentrifuged at SOOOxg in a Sorvall
centrifuge for 25 minutes. The supernatant was
discarded and the pellet was suspended in one-third the
original volume of 0.25M sucrose used in the
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homogenization and then centrifuged at 10,000xg for 10
minutes.
Step 3. Resuspension
The pellet was suspended in 1.15% potassium chloride
containing O.OIM potassium phosphate buffer, pH 7.4, and
centrifuged at 5,000xg for 10 minutes.
Step 4. Storage
The supernatant was discarded and the mitochondria
pellet was stored and frozen in O.OIM potassium
phosphate buffer at pH 7.4.
2.2. Purification of monoamine oxidase
Step 1. Extraction
The frozen mitochondria pellet was thawed and
centrifuged at 10,000xg for 20 minutes. The pellet was
washed twice with 1.15% KCl and again centrifuged at
10,000xg for 20 minutes. The purified mitochondria
pellet was washed first with O.IM potassium phosphate
buffer, pH 8.2, containing 0.5% Triton and 0.002M
mercaptoethanol, then homogenized with O.IM potassium
phosphate buffer, pH 8.2, containing 1% Triton, 0.5%
potassium cholate, and 0.002M mercaptoethanol. The
extract was suspended in the cold for 4 hours.
Step 2. Ammonium sulfate fractionation
Solid ammonium sulfate (0-.25%) was added to the crude
extract, and centrifuged at 10,000xg for 30 minutes. To
11
the supernatant, additional ammonium sulfate was added
to give a final concentration of 45%. After one more
centrifugation (10,000xg for 30 minutes), the pellet was
recovered and suspended in 0.02M potassium phosphate
buffer, pH 7.4, containing 0.002M mercaptoethanol, and
frozen overnight.
Step 3. Calcium phosphate titration
The partially purified enzyme was thawed and titrated
with calcium phosphate gel until the specific activity
of the supernatant was at least 1,600.
Step 4. DEAE-cellulose fDE-52) chromatography
The enzyme was applied to DEAE-cellulose column
previously equilibrated with the starting buffer. The
enzyme was eluted by a sodium chloride gradient (0.05M)
in 0.02M potassium phosphate buffer, pH 7.4, containing
0.1% Triton and 0.002M mercaptoethanol, pH 7.4.
Step 5. Ammonium sulfate fractionation
The eluted enzyme was concentrated with ammonium sulfate
to about 45%, and centrifuged at 10,000xg for 30
minutes. The pellet was dissolved in 0.02M potassium
phosphate buffer, pH 7.4, containing 0.002M
mercaptoethanol (50-100 ml) , and further purified on a
hydroxylapatite column.
Step 6. Hvdroxvlapatite chromatography
The eluted enzyme was eluted with 0.2M potassium
phosphate buffer containing 0.2% potassium chloride, pH
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7.4, and 0.5M potassium phosphate buffer containing 0.2%
Triton, pH 7.4. The enzyme was collected, measured for
specific activity, and subjected to SDS gel
electrophoresis for purity check. The enzyme was stored
in buffer at 4°C in the presence of nitrogen.
2.3. Enzyme assay and protein determination
The enzyme activity was measured spectrophotometrically
as described by Tabor et ^ (25), using a LKB Ultrospec
II. The specific activity was calculated as units of
enzyme per mg of protein. One unit is defined as the
amount of enzyme which catalyzes a change of 0.001
absorbance units per minute under standard conditions.
In a typical assay, a suitable aliquot of enzyme (10-
50/il) was added to a 3ml cuvette containing 1.0ml of
O.IM potassium phosphate buffer, ph 7.2, and 1.75ml
distilled water. The blank rate of the mixture was
measured at 250nm and the reaction was initiated by
adding 0.1ml of benzylamine. Protein was determined by
the Biuret method (26).
2.4. Polyacrylamide ael electrophoresis
Step 1. Prepararation of ael tubes
Gel tubes were cleaned in a chromic acid solution,
rinsed thoroughly with distilled water, and dried in an
oven. The desired length of gel was marked on the tubes
and one end of the tubes was sealed with a serum cap.
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The sealed tubes were placed perfectly upright in a
rack.
Step 2. Preparation of ael mix
Gel mixture was prepared by mixing 30g of acrylamide and
0.8g of bisacrylamide in a final volume of 100ml. To an
erlenmeyer flask, 2.7ml of acrylamide mix, 3.75ml of IM
Tris-HCl, pH 8.8, 1.0ml of 10% SDS and 2.55ml of H2O,
were added. The contents were mixed gently by swirling,
and 6/il of TEMED and 0.06ml of 10% ammonium persulphate
were added. Using a long stem pasteur pipette, gel mix
was added to tubes slowly until the meniscus was on the
length marker. A small amount of distilled water was
layered on top of the gel mix and the gel hardened after
about 20 minutes.
Step 3. Preparation of sample
Each protein was prepared by pipetting about 25/il
containing 0.03mg of protein into a small test tube and
adding O.Olml of 10% SDS, one drop of glycerol, 3/il of
mercaptoethanol and 2/il of 0.1% 100°C bromphenol blue.
The samples were heated at 100°C for 2 minutes and
cooled to room temperature and then applied directly to
the gel.
Step 4. Electrophoresis of samples
The top and bottom chambers contained 500ml of 0.025M
Tris-HCl (pH 8.8) containing 0.2M glycine. The top
chamber contained 0.1% SDS. The seals were removed from
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the bottom of the gel tubes and the tubes were carefully
inserted into washers and slots in the top chamber of
the electrophoresis cell. The samples were
electrophoresed at a constant current of 3mA/gel for 30
minutes and then increased to 8 mA/gel. The
electrophoresis was stopped when the marker dye had
travelled to the bottom of the gel. The gels were
removed from tubes, their length recorded and stained in
0.1% coomassie blue in 50% TCA for 2 hrs. The
destaining was done in a solution (50 ml methanol, 75ml
glacial acetic acid) brought to 100ml of H2O. The
length of gel after staining, and distance each protein
travelled, were recorded. The mobility of the protein
was calculated according to the following equation:
Relative mobility = length before staining x distance
protein migrated/length after staining distance of dye
migration
2.5. Preparation of buffers
All buffers solutions were made with deionized water and
were prepared one to two days before use and stored at
5°C.
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2.6. Chemical modification studies
Step 1. Preparation of MAO-IAA
lAA was added to a 1ml sample of MAO to yield a final
concentration of 0.05M. This mixture was allowed to
incubate at 25°C for 5-6 hours, then dialyzed for 24
hours in 0.0IM potassium phosphate buffer, pH 7.4.
Step 2. Preparation of pvrenvl-labeled MAO-IAA
N-(3-pyrenyl) maleimide was dissolved in
dimethylformamide (DMF) at 2mg/ml. Approximately 20/il
of this solution was pipetted into the bottom of a test
tube. The solvent was evaporated under a constant
stream of nitrogen creating a thin film. One to 2ml of
the MAO-IAA sample was added to the test tube and the
reaction was allowed to proceed at 25°C for several
hours. The sample was then dialyzed overnight against a
O.OIM potassium phosphate buffer, pH 7.4, containing
0.1% Triton. Pyrene-labeled MAO-IAA was diluted into
the appropiate buffer and fluorescence emission was
recorded.
2.7. Fluorescence Studies
Fluorescence measurements were recorded at room
temperature with a Perkin Elmer MPF-3 fluorescence
spectrophotometer as described in the legends to
figures.
RESULTS AND DISCUSSION
3.1 Purification of enzvme. Monoamine Oxidase
Purification of bovine liver MAO was carried out as in
the experimental procedure. Table 1 shows a typical
purification scheme. The DEAE profile of purifed
aliquots of MAO is shown in Figure 1.
3.2 Molecular weight determination of MAO
The molecular weight and the purity of MAO were
determined by SDS polyacrylamide gel electrophoresis.
Figure 2 shows the (schematic) representation of SDS
polyacrylamide gel electrophoresis. The purified enzyme
enzyme showed a single band in the presence of SDS. The
molecular weight of the purified enzyme was determined
from a standard curve of proteins of known molecular
weight versus their relative electrophoretic mobility.
The standard proteins used were serum albumin,
ovalbumin, and carbonic anhydrase. The molecular weight
of the purified enzyme was found to be approximately
52,000 daltons per monomer.
3.3. Fluorescence studies
The fluorescence studies were performed at room
temperature on a Perkin Elmer MPF-3 fluorescence
spectrophotometer as described in the legends to
16












Suspension of Mitochondria 1900 5200 41600 125 100 1
Auoniua sulfate fractionation 600 3420 6000 570 66 4.6
Ca-phosphate gel treataent 1150 1785 862 2071 34 16.6
DEAE-cellulose chromatography 110 1081 213 5075 21 41
Hydroxylapatite chromatography
0.2M buffer eluate 51 534 52 10270 o w 82
0.2H buffer 0.2% cholate eluate 41 410 65 6308 7.9 51
*FroB about 409(dry weight) of purified nltochondria obtained froM about 11 pounds of liver,





















Figure 2. Schematic representation of polyacrylamide gel electrophoresis of monoamine oxidase.
a) MAO purified to homogeneity (MW - 52K)
b) Standard proteins (serum albumin - 68K, ovalbumin - 43K, carbonic anhydrase — 29K).
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figures. All emission intensities are expressed in arbitrary
units.
3.3.1. MAO-NPM Label Interaction
Figure 3 shows the fluorescence emission of NPM in the
presence and absence of MAO. The fluorescence emission
spectrum of NPM labeled MAO (Fig 3a) exhibits two major
vibronic bands at about 376nm and 396nm. The spectrum
closely resembles that of several NPM-labled proteins
reported by Weltman et al. NPM showed no appreciable
fluorescence when not bound to the enzyme (Fig 3b). In
order to characterize these spectral changes, a model study
of the fluorescence changes associated with the reaction of
NPM with L-cysteine has been examined and reported (27) .
This reaction is believed to proceed by a nucleophilic
addition mechanism of the SH-group to the maleimide system.
The fluorescence spectrum recorded immediately after
reaction is due to the rapid addition of the cysteine SH-
group to the olefenic bond in the maleimide moitey of NPM to
form S-[N-pyrene) succinimido] cysteine [Fig. 4]. The non-
fluorescent character of NPM in aqueous solution is
presumably due to a low-lying n,jr* singlet state which
involves the maleimide carbonyl groups. Having longer
lifetimes, the n,5r* states are more susceptible to
intersystem crossing at the expense of fluorescence.
(d
Figure 3. Fluorescence emission spectrum of NPM in the absence and presence of MAO.
Fluorescence was recorded in 1.0ml of O.OIM KFB, pH 7.5. Both the excitation and emission
slits were set at 7nm. The sample sensitivity was 30. The protein concentration was
0.987mg/ml. The NPM labeled enzyme was dialyzed against O.OIM KPB, pH 7.5, for 24 hours before
taking the spectra.
Enz-CySH + N-(1-pyrenyl) maleimide
figure 4. Reaction scheme of NPM with a cysteine residue.
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Certain structural changes which affect the electronic state
of the maleimide ring, e.g., saturation of the double bond
to form succinimide derivatives, will restore the original
strong fluorescence. Maleimide reagents of this type
fluoresce only when covalently attached to sulfhydryl groups
of proteins or organic compounds. This fluorimetric
behavior of N-(1-pyrene) maleimides has the definite
advantage of allowing labeled and nonlabeled proteins to be
conveniently discriminated. Our results agree with the
empirical rule that N-(1-pyrene) maleimide is non-
fluorescent in aqueous solution but forms strongly
fluorescent adducts with sulfhydryl groups of organic
compounds or proteins. The conjugation reactions of N-(l-
pyrene) maleimide are relatively fast and can be monitored
by the increase in fluorescence intensity of the protein
chromophore.
3.3.2. Effect of pH on MAO-NPM Fluorescence
Figure 5 shows the effect of pH on the fluorescence emission
of NPM-labeled MAO; the results of which are shown in Table
2 and Figure 6. Curve (a) shows the relative intensity of
MAO-NPM complex at pH 7.4. Increasing the pH to 8, by
Figure 5. Effect of pH on MAO-NPM fluorescence. The fluorescence was recorded in 1.0ml of
O.OIM KPB, pH 7.5. The mixture contained 0.991mg/ml of MAO and 20vil of NPM. The sample
sensitivity was 30, and both the excitation and emission slits were set at 7nm. The NPM labeled
enzyme was dialyzed against O.OIM KPB, pH 7.5, for 24 hours before taking the spectra.
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Table 2. Effect of pH on NPM fluorescence
pH Relative Fluorescence Intensity*
(arbitrary units)


















Fieure 6 Relative fluorescence intensity of NPM labeled at 376nin as a function of pH,
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adding O.IM sodium hydroxide, resulted in no significant
change in the relative intensity; however at pH 9.5 and 13,
the relative intensity decreased to 70% and 30%,
respectively.
A decrease in pH was accomplished by the addition of
O.IM hydrochloric acid, and pH values 6, 4, and 2 were
monitored as a function of relative intensity. The relative
intensity decreased by 30% at pH 6, and at pH 4, the
relative intensity decreased by as much as 70%. An excess
of O.IM HCl was added to the medium (pH less than 3),and the
relative intensity decreased by 70%.
The effect of pH on fluorescence intensity was
correlated to MAO activity. Increased pH resulted in
decreased activity. Table 3 and Figure 7 show that MAO is
most active at the neutral biological pH region (pH 7.4).
This finding is consistent with previously reported activity
results (28) . Extreme alkaline and acidic pH appear to
decrease both the fluorescence intensity and activity of
MAO-NPM. These findings most likely result from the
formation of an improper ionic form of the enzyme, causing
inactivation of the enzyme. In order for specific initial
conjugation of NPM with sulfhydryl groups to take place,
the pH should be held around 7.4; hence, at alkaline and
28










*Data are x's and a's where n = 3.
Figure 7. Effect of pH on the activity of MAO. The enzyme was assayed for activity as
described in the experimental section with the exception that HCl or HaOH was added before the
initiation of the reaction.
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acidic pH values, the fluorescence intensity decreases.
Evidence points toward a conforma-tional change in the MAO-
NPM complex at extreme pH values which possibly alters the
degree of NPM binding.
3.3.3. Effect of urea on MAO-NPM fluorescence
Figure 8 shows the fluorescence emission spectrum of NPM
labeled MAO as a function of urea concentration. The
results are shown in Table 4 and Figure 9. The initial
presence of urea (IM) caused about a 3% decrease in
fluorescence intensity in both peaks at 376nm and 396nm. No
significant change in fluorescence intensity was seen when
2M urea was added. The peaks were further reduced by as
much as 20-25% when 4M urea was present in the medium, and
6M urea reduced both peaks to about 40%. Eight molar urea
reduced the peaks to more than one half of their original
intensity, whereas lOM urea reduced the intensity of both
peaks by as much as 90%. There was no observable change in
the position of Amax when urea was present in the medium.
In order to investigate the relationship between
fluorescence change and the activity of the enzyme, we also
studied the effect of varying concentration of urea on the
activity of MAO ( Table 5 and Figure 10). The results show
a 2% decrease in enzymatic activity in the presence of 2M
Figure 8. Effect of urea
in l.Oml of O.OIM KPB, pH
sample sensitvity was 30,
concentration on MAO-NPM fluorescence. The fluorescence was recorded
7.5. The mixture contained 0.987mg/ml MAO and 20pl of NPM. The
and both the excitation and emission slits were set at 7nm. The NPM
labeled enzyme was dialyzed against O.OIM KPB, pH 7.5, for 24 hours before taking the spectra.
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*Data are x's and a's where n = 4.
£i£ur£_9. Relative fluorescence intensity of NPM labeled MAO at 376nm as a function of urea
concentration.
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*Data are x's and a's where n = 3.
Figure 10. Effect of urea concentration on the activity of MAO. The enzyme was assayed for
activity as described in the experimental section with the exception that urea was added before
the initiation of the reaction.
36
urea. Four molar urea decreased the activity to about 30%
and the relative activity dropped to about 50% when 6M urea
was present in the assay medium. Finally, when 8-lOM urea
was present in the medium, the relative activity of MAO
dropped to almost zero. Thus, increasing urea concentration
caused a decrease in both the activity of the enzyme and the
fluorescence intensity of NPM labeled enzyme.
A comparison study was done with the reagent,
mercaptoethanol, to see if increasing concentrations of urea
had any effect on its fluorescence intensity. Figure 11
shows that the emission of NPM adduct of mercaptoethanol was
not quenched by urea. We, therefore, conclude that the
decrease in fluorescence intensity caused by urea is limited
only to the protein. The quenching by urea of MAO-NPM
fluorescence may have been partly due to solvent-fluorophore
interaction, but most likely this effect resulted because
urea caused denaturation of the protein. The denaturing
agent, urea, competes for hydrogen bonds with the peptide
backbone and therefore, breaks up the tertiary structure of
the enzyme. In this process, where the biologically active,
or native structure of the protein is disrupted, some of the
SH-groups that are responsible for activity may have been
buried in the altered conformation induced by urea and
become less available for binding of the fluorophore NPM.
Figure 11. Effect of 8M urea on the fluorescence emission spectrvun of mercaptoethanol. The
reaction mixture consisted of lOyl of mercaptoethanol dissolved In 1.0ml of O.OIM KPB, pH 7.5
and 20pl label. Both the excitation and emission slits were set at 7nm. The sample sensitivity
was 30.
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Both the activity and fluorescence studies are consistent
with urea inducing a conformational change in the enzyme
accompanied by loss of activity in the enzyme. We,
therefore, conclude that the quenching by urea of NPM-MAO
fluorescence is due to urea-induced conformational changes
on the enzyme.
3.3.4. The effect of varying ionic strength on MAO-NPM
fluorescence
Sodium chloride was used to study ionic strength effects.
Figure 12 shows the adduct of varying concentrations of NaCl
on the fluorescence emission of NPM labeled MAO. The
results are shown in Table 6 and Figure 13. The addition of
2M aliquots (up to lOM) of NaCl did not seem to
significantly alter the fluorescence intensity of either
peak. There was a slight decrease in intensity when NaCl
was initially introduced into the system, but the effect
seemed to remain constant after concentrations were
increased.
Concentrated salt solutions are known to exert a
powerful effect on protein structure by weakening non-
covalent bonds. This effect results in slight aggregation
of the enzyme and the aggregation may have decreased the
availability of sulfhydryl groups to bind to NPM, thereby
Pyranyl Excitation at 343na
Ftpure 12. Effect of varying ionic strength on MAO-NPM fluorescence. The fluorescence was
recorded in 1.0ml of O.OIM KPB, pH 7.5. The mixture contained l.Olmg/ml of MAO and 20lJl of NPM.
The sample sensitivity was 30, and both the excitation and emission slits were set at 7nm. The
NPM labeled enzyme was dialyzed against O.OIM KPB, pH 7.5, for 24 hours before taking the
spectra.
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*Data are x's and a*s where n = 4.
MaCl (N)
figure_13. Relative fluorescence intensity of NPM labeled MAO at 376nm as a function of NaCl
concentration.
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causing a decrease in fluorescence intensity. We suggest
that the MAO-NPM fluorescence is only slightly affected by
increasing concentrations of NaCl, partially due to the fact
that NPM binds covalently to MAO, and partly due to only a
local conformational change taking place in the enzyme.
Figure 14 shows the effect of varying ionic strength on
the activity of MAO. The results show that enzyme activity
was not affected significantly by adding NaCl (Table 7) .
The ionic interaction of NaCl with the enzyme appears not to
alter enzyme activity to the same degree as it does
fluorescence intensity. The enzyme possibly fluctuates
between altered conformations locally.
3.3.5. The effect of substrate (benzvlamine^ on MAO-NPM
fluorescence
Figure 15 shows the effect of varying concentration of
substrate, benzylamine, on the fluorescence emission
spectrum of MAO-NPM adduct. The relative intensity values
are given in Table 8 and Figure 16. The fluorescence
intensity of the MAO-NPM complex was markedly quenched by
low concentrations of substrate, benzylamine, with no
significant spectral shifts. The fluorescence intensity of
both peaks was reduced by approximately 5% each time the
enzyme was successively titrated with 2mM aliquots (up to
Figure 14. Effect of NaCl on the activity of MAO. The enzyme was assayed for activity as
described in the experimental section with the exception that NaCl was added before the
initiation of the reaction.
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♦Data are x's and a's where n = 3.
Figure 15. Effect of benzylamine concentration on MAO-NPM fluorescence. The fluorescence was
recorded in 1.0ml of O.OIM KPB, pH 7.5. The mixture contained 0.987mg/ml MAO and 20ul of NPM.
The sample sensitivity was 30, and both the excitation and emission slits were set at 7nm. The
NPM labeled enzyme was dialyzed against O.OIM KPB, pH 7.5, for 24 hours before taking the
spectra.
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Figure 16. Relative fluorescence Intensity of NPM labeled MAO at 376nm as a function of
benzylamine concentration.
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lOmM) of benzylamine. The effect of benzylamine on the
emission spectrum was constant after consistently adding
substrate to the medium. MAO is very reactive toward its
substrate, benzylamine. and the quenching of fluorescence by
this reagent suggests that it may have reacted in a
competitive manner with the pyrene reagent. The presence of
benzylamine in the medium appears to have reduced the total
number of sulfhydryl groups reacting with the NPM
fluorophore, thereby decreasing fluorescence intensity of
the MAO-NPM labeled complex. These results suggest that the
fluorophore, NPM, and the substrate, benzylamine, compete
for the same site, most likely the active site.
The fluorescence emission was also recorded for a
sample of MAO where benzylamine was added to the medium
first, and NPM then added. A decrease in fluorescence
emission also resulted. We suggest that the substrate may
have protected some of the SH-groups and prevented some of
the NPM label from reacting, thereby resulting in a
decrease. Again, the substrate and the fluorophore appear
to bind at the same site.
3.3.6. The effect of inhibitor fharmaline^ on MAO-NPM
fluorescence
Figure 17 shows the effect of three different concentrations
of the inhibitor, harmaline, on the fluorescence emission
Figure 17. Effect of harmaline on MAO-NPM fluorescence. The fluorescence was recorded in 1.0ml
of O.OIM KPB, pH 7.5. The mixture contained 0.977mg/ml of MAO and 20yl of NPM. The sample
sensitivity was 30 and both the excitation and emission slits were set at 6nm. The NPM labeled
enzyme was dialyzed against O.OIM KPB, pH 7.5, for 24 hours before taking the spectra.
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spectrum of MAO-NPM. A ImM aliquot of harmaline decreased
the fluorescence intensity by more than 50%, whereas 4mM
harmaline decreased the intensity by more than 80%. A lOmM
aliquot of harmaline did away with the NPM fluorescence
emission spectrum completely. Harmaline seems to be a
powerful inhibitor of MAO, as seen in Figure 17. A
conformational change is suspected which possibly results in
decreased NPM binding as the SH-groups become more available
for harmaline binding. Harmaline and NPM appear, also, to
compete for the active site.
3.3.7. Quenching of tryptophan fluorescence bv MAO-bound
NPM
When two different chromophores are in close proximity, the
electronic excitation energy of one may be transferred to
the other if the emission spectrum of the acceptor overlaps
the absorption spectrum of the donor (29). Such a transfer
is demonstrated in Figure 18, with the bound NPM molecule as
a potential donor and the intrinsic chromophore, tryptophan,
as the acceptor.
When illuminated at 285nm, a non-labeled sample of MAO
shows a strong tryptophan fluorescence with the emission
maximum at about 340nm (Figure 18) . NPM is excited at this
wavelength, and the two fluorophores seem to constitute an
Figure 18. Tryptophan-NPM energy transfer. The fluorescence was recorded in 1.0ml of O.OIK
KPB, pH 7.5. The mixture contained 0.984mg/ml of protein and 20yl of NPM. The sample
sensitivity was 30, and both the excitation and emission slits were set at 7nm. The NPM labeled
sample was dialyzed against O.OIM KPB, pH 7.5, for 24 hours before taking the spectra.
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energy transfer system. The tryptophan emission intensity
was diminished when NPM was present in the medium and the
characteristic NPM emission bands at 376nm and 396nm could
be detected when excited at 285nm.
Fluorescence energy transfer from tryptophan residues
to pyrene bound SH-groups was further examined as seen in
Figure 19. MAO was labeled with NPM forming the MAO-NPM
complex. For comparison, a solution was prepared containing
the MAO-NPM complex plus mercaptoethanol at the same
concentration of pyrene and protein as in the MAO-NPM
sample. Fluorescence emission was monitored for both of
these samples under urea-denatured conditions at the
tryptophan excitation maximum of 285nm. Dilution of the
MAO-NPM-(tryptophan) complex into a denaturing concentration
of urea produced a relative decrease in pyrene emission and
a relative increase in tryptophan emission (Figure 19) .
Introduction of a denaturing concentration of urea into the
medium results in unfolding of the enzyme, thereby altering
MAO'S local environment. The unfolding of the enzyme
appears to allow the intrinsic chromophore, tryptophan, to
become more exposed, while simultaneously altering the
extrinsic fluorescence of NPM. The possibility exists that
decreased NPM binding occurs.
Addition of mercaptoethanol to the MAO-NPM-(tryptophan)
complex caused a marked decrease in fluorescence intensity
Eulsslon Mav«l«n9th (na)
Figure 19. Effect of urea on tryptophan-NPM energy transfer.
The fluorescence was recorded in 1.0ml of O.OIM KPB, pH 7.5. The mixture contained 0.984mg/ml
of protein and 20vil of NPM. The sample sensitivity was 30, and both the excitation and emission
slits were set at 7nm. The NPM labeled sample was dialyzed against O.OIM KPB, pH 7.5, for 24
hours before taking the spectra.
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(Figure 20). Both intrinsic and extrinsic fluorescence were
quenched. The thiol appears to act as a denaturing agent in
this case. Evidence points toward an altered conformation
of the enzyme when ImM mercaptoethanol is present in the
medium.
Addition of 8M urea to the MAO-NPM-(tryptophan)
mercaptoethanol complex appears to restore the effect seen
earlier in the MAO-NPM-tryptophan complex; that of decreased
pyrene emission and increased tryptophan emission. The
results indicate that treatment of MAO-NPM-(tryptophan)
complex with 8M urea in the presence of mercaptoethanol,
causes complete unfolding of the MAO molecule, to yield a
random conformation.
3.3.8. MAO-ANS Label Interaction
Recent evidence has shown that the essential sulfhydryl
groups of MAO were possibly located in a hydrophobic pocket
(19) . In an attempt to gain more information on the
microenvironment of the essential SH-groups, we investigated
the fluorescence of MAO charged with the hydrophobic
fluorescent marker, 1-anilino-napthalene sulfonate (ANS).
In aqueous medium, ANS shows weak fluorescence with an
emission maximum of 520nm (Figure 21b). The addition of MAO
to a dilute solution of ANS in O.IM KPB buffer, pH 7.5,
Figure 20. Effect of urea and mercaptoethanol on tryptophan-NPH energy transfer. The
fluorescence was recorded in 1.0ml of O.OIM KPB, pH 7.5. The mixture contained 0.984mg/ml of
protein and 20pl of NPM. The sample sensitivity was 30, and both the excitation and emission
slits were set at 7nm. The NPM labeled sample was dialyzed against O.OIM KPB, pH 7.5, for 24
hours before taking the spectra.
Figure 21. Fluorescence emission spectrum of ANS in the absence and presence of MAO.
Fluorescence emission was recorded in 1.0ml of O.OIH KFB, pH 7.5. The sample sensitivity was
10, and both the excitation and emission slits were set at 5nm. The mixture contained
0.950mg/ml and lOpl of ANS.
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resulted in prompt increase in fluorescence emission with a
concomitant blue shift of the emission maximum to
approximately 460nm (Figure 21c). These effects are
characteristic of ANS binding to hydrophobic sites on the
enzyme. Enzyme alone gave neglible emission under these
conditions (Figure 21a) .
According to Stryer (30), the absolute quantiam yield of
ANS in water is 0.004 and increases to 0.37 in ethanol. A
model study shows that the fluorescence spectra of 1-
anilino-napthalene sulfonate shifts toward the blue and the
quantum yield increases as the solvent polarity decreases.
The shift toward the blue suggests that ANS binds in a
(nonpolar) hydrophobic environment. We, therefore, conclude
from the above results, that the essential SH-groups ( to
which ANS binds) are indeed located in a hydrophobic
environment.
3.3.9 Effect of Substrate/Inhibitor on MA0~ANS
fluorescence
The fluorescence intensity of the MAO-ANS system was
markedly quenched when a small amount of the substrate,
benzylamine, was added to the system. The fluorescence
intensity was monitored at 460nm and there was no
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significant change in the spectral position (Figure 22) .
Addition of benzylamine to the ANS-MAO complex seems to
slightly alter the ANS environment; hence, the decrease in
fluorescence intensity.
In order to more fully characterize the specificity of
the effects of benzylamine and other substrates/inhibitors
on MAO-ANS fluorescence, a series of titration experiments
was performed. Accordingly, MAO was titrated with ANS in
the presence and the absence of substrates, benzylamine and
tyramine, and inhibitor pargyline. The fluorescence
intensity was monitored at 420nm and the results are as
follows; 1) The addition of MAO in the absence of
benzylamine resulted in an increase in fluorescence
intensity (Figure 23). This effect was decreased by as much
as 10% when benzylamine was present in medium, 2) The
substrate, tyramine, reacted in the same manner as
benzylamine, but MAO-ANS fluorescence decreased by about 15%
when tyramine was present in the medium (Figure 24) . This
possibly results because tyramine is not as reactive toward
MAO B, as is benzylamine, and 3) The addition of ANS in the
presence of pargyline resulted in a decrease in fluorescence
intensity (as noted above), by approximately 10% (Figure
25) . Pargyline is a potent inhibitior of MAO, and reacts
{(•Xatlv«FluorescenceInt nsity(a bi raryu s)
Figure 22. Effect of benzylamine on MAO-ANS fluorescence. The fluorescence was recorded in
1.0ml of O.OIM KPB, pH 7.5. The mixture contained 0.950mg/ml of protein and lOyl of ANS. The
sample sensitivity was 10, and both the excitation and emission slits were set at Snm.
Figure 23. Effect of ANS on MAO-benzylamine complex. The fluorescence was recorded in 1.0ml of
O.OlM KPB, pH 7.5. The mixture contained 0.950mg/ml of protein and lOUl of ANS. The sample
sensitivity was 10, and both the excitation and emission slits were set at 5nm.
Figure 24. Effect of ANS on MAO-tyramine complex. The fluorescence was recorded In 1.0ml of
O.OIM KPB, pH 7.5. The mixture contained 0.950mg/ml of protein and lOpl of ANS. The sample
sensitivity was 10, and both the excitation and emission slits were set at 5nm.
Figure 25. Effect of ANS on MAO-pargyline complex. The fluorescence was recorded in 1.0ml of
O.OIM KPB, pH 7.5. The mixture contained 0.950mg/ml of protein and lOpl of ANS. The sample
sensitivity was 10, and both the excitation and emission slits were set at 5nm.
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with the FAD group in MAO (31) . The FAD group is beleived
to be a part of the active site.
Substrate or competitive inhibitors have been observed
to protect the essential SH-groups from reacting; therefore,
it is conceivable that the presence of the substrate and/or
inhibitor in the medium alters ANS binding. It is,
therefore, suggested that the substrate/inhibitor produced a
pronounced alteration in the enzyme structure, thereby
decreasing the native hydrophobic environment of MAO.
3.3.10. Binding Constants for l-Anilino-napthalene-8-
sulfonate
Data obtained from the titrations of MAO with ANS in the
absence and presence of substrate are given in Figure 26.
From a plot of the fluorescence emission (I) , versus I/l-
anilino-naphthalene-8 sulfonate (Figure 26), estimates could
be obtained for the enzyme-ANS complex, K^^s (fluorescence),
and of the fluorescence yield, that would be expected
if the protein were fully saturated with the fluorophore.
The mathematical analysis of the system is formally
identical with that of either the Eadie plot used in enzyme
kinetics or the Scatchard plot used for binding studies
(32) . The apparent dissociation constants, 400/iM, and
600/iM, found in the absence and presence of substrate.
Figure 26. Effect of benzylamine on ANS binding.
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benzylamine, respectively, reflect a significant change in
the affinity of the fluorophore for the enzyme. The
presence of benzylamine in the system, seems to alter ANS
binding. The affinity of the fluorophore for the
hydrophobic binding site on MAO is decreased. This finding
suggests that the observed drop in Imax caused by
benzylamine was due to a decrease in the number of
hydrophobic binding sites on the enzyme as a result of a
substrate-induced conformational change.
Additional studies conducted with tyramine and
pargyline reveal similar action when MAO is titrated with
ANS (Figure 27) . Tyramine and pargyline reflect
dissociation constants of 214/xM and 237/iM, respectively, and
are compared to of ANS by itself (187/iM) . These
constants indicate a small change in the affinity of the
fluorophore for the enzyme. The degree of hydrophobic
binding appears to decrease as a result of tyramine and
pargyline binding.
3.3.11. Quenching of NPM fluorescence bv MAO-bound ANS
The principal excitation band of N-(1-pyrene) maleimide
overlaps the fluorescence emission of ANS. Accordingly, an
experiment was performed to determine whether fluorescence




Figure 27. Effect of substrates/inhibitor on ANS binding.
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NPM and ANS. Such a transfer is demonstrated in Figure 28.
When illuminated at 342nm, MAO shows a strong fluorescence
peak around 376nm-378nm, while ANS is excited at this
wavelegth. The NPM emission intensity was markedly guenched
when ANS was present, the effect increasing at higher ANS
concentration (Figure 29). At the higher level of ANS, not
only was NPM fluorescence quenched, but the characteristic
ANS emission band at 460nm could be detected when the
solution was excited at 378nm. These spectral properties
suggest that the ANS and NPM sites are possibly very close
to each other on the MAO molecule. If the transfer
efficiency obeys Forster's theory (29), it is proportional
to an inverse sixth power of the separation between the
donor and acceptor, and dependent upon the mutual
orientation of the two chromophores. According to Forster's
theory, the distance over which the transfer takes place
cannot be much larger than 50A.
Evidence points toward modifications of the MAO-NPM
complex as ANS is introduced into the medium. These enzyme
modifications are possibly the result of 1) energy transfer
and/or 2) slight conformational changes; consequently, the
new environment of the sulfhydryl goups is probably less
polar than in the native enzyme and/or the SH-groups are in
close proximity to hydrophobic residues and/or possibly
located in a hydrophobic crevice.
Figure 28. Quenching of NPM fluorescence by MAO-ANS complex. The fluorescence was recorded in
1.0ml of O.OIH KPB, pH 7.5. The protein concentration was 0.980mg/ml. The mixture contained
20vil of NPM and lOyl of ANS. The sample sensitivity was 10, and both the excitation and
emission slits were set at 5nm. The NPM labeled sample was dialyzed against O.OIM KPB, pH 7.5,
for 24 hours.
Figure 29. Effect of ANS on MAO-NPM fluorescence. The fluorescence was recorded in 1.0ml of
O.OIM KPB, pH 7.5. The protein concentration was 0.980mg/ml. The mixture contained 20M1 of
NPM. The sample sensitivity was 30, and both the excitation and emission slits were set at 7nm.
The NPM labeled sample was dialyzed against O.OIM KPB, pH 7.5, for 24 hours.
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3.3.12. The essential cvsteine domain
Since it was discovered that iodoacetic acid (lAA) reacted
with the enzyme's 6 non-essential cysteine residues, and
lastly with the 2 essential cysteine residues (19) (Figure
3 0) , the MAO was first labeled with nonlabeled lAA for 5
hours until the 6 nonessential cysteine residues were
modified (See Experimental Procedures section). Figure 31
shows that NPM and ANS do indeed react with MAO's essential
cysteine residues. The characteristic peaks (of NPM
labeling) are shown at 376 and 396nm. Addition of ANS
decreases pyrene emission (as seen earlier), and therefore,
appears to compete for the pyrene-lableld site. We
conclude, therefore, that the essential sulfhydryl domain of
MAO is actually being perturbed by the previously mentioned
ligands.
3.3.13. Effect of parovline on the FAD fluorescence
spectrum
In order to probe the environment of the FAD portion of the
active center of MAO, the inhibitor, pargyline was added in
varying concentrations to a 1ml sample of MAO. There was no
significant change in the fluorescence spectrum of the FAD
moiety.
4 e 12 16
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Fieure 30. Effect of lAA on the activity of MAO.
activity as described in the experimental section.
The enzyme was modified and assayed for
ryrmyl Bxoltation at 343rai
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Fl^re 31. Effect of lAA and ANS on MAO-NPH fluorescence. The fluorescence was recorded In
l.Oal of O.OIM KPB, pH 7.5. The protein concentration was 0.980mg/Bl. The mixture contained
20iil of NPH. The sample sensitivity was 30. and both the excitation and emission silts were set
at Tnm. The NPM labeled sample was dialyzed against O.OIM KPB, pH 7.5, for 24 hours.
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The MAO-ANS complex was also titrated with pargyline,
and the FAD emission was recorded. Again, there was no
significant change in the fluorescence intensity. It is
proposed that no significant change results in the intensity
due to the fact that the SH-groups and FAD are not in close
proximity in the active center.
CONCLUSION
The present studies combine both physical
(fluorescence spectroscopy) and biochemical (enzymatic
assays, etc.) approaches to describe selected aspects of
protein structure and function at the molecular level.
In particular, MAO's cysteine environments were
characterized by monitoring attached spectral probes
(ANS, NPM). The spectra of the different probes show a
progression of spectral properties, reflecting specific
interactions beteween probe molecular geometry and
microenvironmental influences.
In summary, the combined results from chemical
modification and spectral studies suggest the following:
1) NPM is an environmentally sensitive fluorescent
probe that can be used to investigate protein
structure and function. The probe is
nonfluorescent in aqueous solution but forms a
strongly fluorescent adduct with sulfhydryl
groups of the enzyme.
2) The extrinsic probe, NPM, proved sensitive to
the influence of pH, addition of urea, ionic
strength, and addition of substrate/inhibitor.




a) MAO is most active in the pH region of
7.5-8.0. Extreme alkaline and acidic pH
causes loss of enzymatic activity and
prevents NPM conjugation with sulfhydryl
groups.
b) Urea induces a conformational change on
MAO, and the change is accompanied by loss
of enzymatic activity.
c) Increasing ionic strength appears not to
affect MAO'S overall conformation, nor its
enzymatic activity.
d) The quenching of fluorescence by
substrate, benzylamine, suggests that the
probe and substrate bind at the same site,
most likely, the active site.
e) The severe quenching of fluorescence by
inhibitor, harmaline, suggests that the
probe and inhibitor compete for the same
site (active site).
The above observations point to the involvement of
the core region or active site environment of the
molecule. Quenching of NPM fluorescence by pH, urea,
NaCl, and substrate/inhibitor suggest that the essential
sulfhydryl groups are, indeed, a part of the active site.
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3) When bound to MAO, NPM forms an energy transfer
system with tryptophan, quenching the intrinsic
fluorescence of MAO. These data imply that the
distance between tryptophan and essential
o
sulfhydryl groups is less than 50A.
4) The fluorescent probe, ANS, is extremely
sensitive to changes in the probe environment.
The probe binds noncovalently to proteins. The
enhancement that occurs after addition of ANS
to the MAO protein can be explained by binding
of ANS to specific binding sites on the
protein; namely, hydrophobic binding sites, and
most likely the active site.
a) The association constants of ANS binding
were 400/iM and 600;tM in the absence and
presence of substrate, respectively. The
constants reflect altered ANS binding in
the presence of substrate. Substrates/
inhibitors produced a specific and
reversible decrease in the fluorescence
yield.
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b) Fluorescent labels, NPM and ANS, were used
in dual fluorescence probe methodology,
and data suggests that energy transfer
between the two probes is likely. Thus,
it is concluded that the ANS binding
ft
site is possibly within 50A on the NPM
binding site.
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